Bipolar illness is a debilitating neuropsychiatric disorder associated with alterations in the ventral anterior cingulate cortex (vACC), a brain region thought to regulate emotional behavior. Although recent data-driven functional connectivity studies provide evidence consistent with this possibility, the role of vACC in bipolar illness and its pattern of whole brain connectivity remain unknown. Furthermore, no study has established whether vACC exhibits differential whole brain connectivity in bipolar patients with and without cooccurring psychosis and whether this pattern resembles that found in schizophrenia. We conducted a human resting-state functional connectivity investigation focused on the vACC seed in 73 remitted bipolar I disorder patients (33 with psychosis history), 56 demographically matched healthy comparison subjects, and 73 demographically matched patients with chronic schizophrenia. Psychosis history within the bipolar disorder group corresponded with significant between-group connectivity alterations along the dorsal medial prefrontal surface when using the vACC seed. Patients with psychosis history showed reduced connectivity (Cohen's d = −0.69), whereas those without psychosis history showed increased vACC coupling (Cohen's d = 0.8) relative to controls. The vACC connectivity observed in chronic schizophrenia patients was not significantly different from that seen in bipolar patients with psychosis history but was significantly reduced compared with that in bipolar patients without psychosis history. These robust findings reveal complex vACC connectivity alterations in bipolar illness, which suggest differences depending on co-occurrence of lifetime psychosis. The similarities in vACC connectivity patterns in schizophrenia and psychotic bipolar disorder patients may suggest the existence of common mechanisms underlying psychotic symptoms in the two disorders.
Introduction
Bipolar disorder (BD) is a severe neuropsychiatric illness that profoundly affects mood regulation 1 and is a leading cause of disability worldwide. 2 Complete understanding of its neurobiology can inform better treatments, aid in predicting prognosis, and promote early detection. Functional disturbances in prefrontal cortex (PFC) regions involved in affect and mood regulation 3 are repeatedly implicated in BD. Specifically, the ventral anterior cingulate cortex (vACC) is an important locus of dysfunction in BD. [4] [5] [6] This region, described as sub/ perigenual cingulate cortex, is linked to emotional regulation in humans 4, 7 and in nonhuman primates. [8] [9] [10] Initially, Drevets and colleagues found evidence for reduced gray matter volume and metabolism in depressed bipolar and unipolar individuals in this region. Subsequently, Mayberg and colleagues observed decreased sub/perigenual cingulate blood flow in pathological depression and normal sadness, which predicted treatment response through pharmacological 11 and cognitive behavioral therapy. 12 Direct stimulation of this region reduced depressive symptomatology in treatment-resistant individuals with mood disorders. 13 While the exact mechanism for how vACC dysfunction leads to mood disorders is still unclear, Ongur and colleagues 14 found a reduction in glia among individuals with familial BD in this region, suggesting that the observed neuroimaging anomalies may be sensitive to both clinical state and predisposition to affective dysregulation. While the vACC operates as a A. Anticevic et al component of a broader system involved in mood regulation, 3 network-level alterations of this region in bipolar illness remain largely uncharacterized. 15 Here we explicitly focused on characterizing connectivity of this critical node involved in mood regulation in BD.
Recently, using resting-state neuroimaging, Chai and colleagues 15 found increased connectivity in symptomatic individuals with BD between the vACC, insula, and ventrolateral PFC. The relatively small sample size, however, likely restricted the power to fully map whole brain vACC connectivity deficits in BD. Furthermore, no study examined the heterogeneity of this complex illness with respect to vACC connectivity. For instance, many BD patients experience frank psychosis. 16 Therefore, some studies divide BD patients based on the presence or absence of psychotic symptoms. 17, 18 Recent results suggest that occurrence of psychosis in bipolar illness may indeed be associated with a distinct pattern of PFC dysconnectivity, 19 in line with observations in schizophrenia. 20 Specifically, prior studies in BD found reductions in global connectivity between vACC and the rest of PFC in a fully data-driven manner 19 ; this effect was driven by more severe disturbances in BD patients with history of psychosis. Furthermore, an independent amygdala connectivity analysis converged on a similar vACC node that exhibited increased connectivity with the amygdala in psychotic BD. 19 It remains unknown, however, if BD patients with psychosis show a unique pattern of vACC connectivity alterations relative to patients without psychosis.
Collectively, we tested the hypothesis that bipolar patients with psychosis show a distinct pattern of whole brain vACC connectivity from those without psychosis history, which may be associated with alterations in PFC circuits implicated in emotional regulation. In turn, we studied a separate large group of schizophrenia patients (N = 73), matched to BD groups. The schizophrenia group served as a vital clinical control to test the secondary hypothesis that dysconnectivity for bipolar patients with psychosis history resembles alterations in schizophrenia but is distinct from bipolar patients without psychosis history.
Materials and Methods

Participants
We recruited 73 patients diagnosed with bipolar I disorder (20 males and 53 females) and a demographically matched group of 56 healthy control subjects (HCS; 24 males and 32 females). Patients were remitted at the time of the study and were divided into 2 demographically matched groups based on history of psychosis, using standardized procedures 17 : 33 patients reported a history of psychosis in the course of bipolar illness (BPP); 40 patients reported no lifetime history of psychosis (BPW; table 1). All patients were recruited in the Hartford, Connecticut area through outpatient clinics and community mental health services. HCS were recruited through community advertising and flyers. Signed informed consent approved by the Hartford Hospital and Yale University Institutional Review Board was obtained from all participants.
All eligible patients met either bipolar I disorder or schizophrenia diagnostic criteria as determined by experienced MA-/PhD-level clinician using Structured Clinical Interview (SCID) for the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV). 21 Comorbid Axis I diagnosis of anxiety disorders and/or substance abuse (remitted for at least 6 months prior to this study) were allowed in order to increase representativeness of the samples. Eligible HCS had no current or lifetime mood or psychotic Axis I disorder as assessed by SCID-NP and no history of psychotic or mood disorders in first-degree relatives. No participant had history of major medical or neurological condition and had intelligence quotient > 80 as assessed by Wechsler Abbreviated Intelligence Scale. 22 HCS had higher educational attainment (P = .03). However, educational differences are influenced by the illness course 23 and were thus not controlled. HCS also showed lower attained level of father's education, which was included as a covariate. Also, including covariates for prior alcohol/drug use, anxiety, age, illness duration, or gender did not alter findings. Lastly, 73 demographically matched schizophrenia patients were selected from a sample characterized in our previous study, 19 collected on the same scanner with identical parameters (49 males and 24 females). While generally well matched (table 1) , schizophrenia patients differed somewhat from bipolar groups in gender proportion. When used as a covariate, however, gender did not alter reported findings.
Current Symptoms and Medication
Current symptomatology for bipolar patients was assessed using Young Mania Rating Scale (YMRS), 24 21-item Hamilton Depression Scale, 25 and the expanded version of the Brief Psychiatric Rating Scale. 26 All participants were remitted for at least 2 weeks prior to the participation in the study, determined by standardized cutoff values on YMRS and HAM-D scales (≥7). Eighteen percent of BPW and 15% of BPP groups were unmedicated. Bipolar groups were well matched for medications and current symptomatology (see table 1 ). Symptom severity for schizophrenia patients was determined using the Positive and Negative Syndrome Scale. 27 Nine percent of schizophrenia patients were unmedicated. Schizophrenia patients showed statistically significant differences in medications profile for mood stabilizers, atypical antipsychotics, anxiolytics, and typical antipsychotics, compared with bipolar patients, given difference in medication regiments. However, reported effects were not altered when covaried for presence/absence of a given medication class. Also, medication presence/absence across medication ; PANSS, Positive and Negative Syndrome Scale; HC, healthy controls. Age, education levels, parental education, age at diagnosis and duration of illness are expressed in years. Of note, no pair-wise BPP-BPW comparisons reached significance. In cases where there were significant differences between clinical groups (eg, gender proportion and % frames scrubbed), we used these variables as covariates. No result was changed when covarying for variables with significant between-group effects.
classes was not associated with reported findings for bipolar patients (although see "Limitations").
Data Acquisition
All scanning was preformed at the Olin Neuropsychiatry Research Center using a Siemens-Allegra 3T scanner. Functional images sensitive to blood oxygenation leveldependent (BOLD) signal were collected with axial slices parallel to the anterior-posterior commissure (AC-PC) using a T2*-weighted gradient-echo, echo-planar sequence (repetition time 
Data Preprocessing and Analysis
All preprocessing followed our prior work and standard approaches in the connectivity literature. 20, 28 Briefly, we performed (1) slice-time correction, (2) removal of first 5 images from each run, (3) rigid body motion correction, (4) 12-parameter affine transform of the structural image to the Talairach coordinate system, and (5) coregistration of volumes to the structural image with 3 × 3 × 3 mm resampling. Furthermore, we employed the following rigorous quality assurance criteria for each participant, to ensure comparable BOLD quality: (1) signal-to-noise ratios (SNR) >100. SNR was computed by obtaining the mean signal and SD for a given slice across the BOLD run, while excluding all nonbrain voxels across all frames 28 ; (2) no BOLD run with a single frame movement greater than 1 functional voxel as noted above; (3) all BOLDs were movement-scrubbed 29, 30 and subjects with more than 50% frames flagged as potentially affected by movement artifacts were completely excluded from analyses. First, frames in which sum of the displacement across all 6 rigid body movement correction parameters exceeded 0.5 mm (assuming 50 mm cortical sphere radius) were identified. Second, root mean square (RMS) of differences in intensity between the current and preceding frame was computed across all voxels and divided by mean intensity. Frames in which normalized RMS exceeded the value of 3 were identified. We marked frames for exclusion that were flagged by either criterion. In addition, the 1 proceeding and 2 frames following the flagged frame were removed. Subject with more than 50% frames flagged were completely excluded from analyses. After these criteria were implemented, there were no between-group differences in SNR or proportion of removed scrubbed frames for the bipolar samples and controls (table 1) . There was, however, a higher proportion of frames scrubbed for the schizophrenia sample relative to the other samples (18.51% of frames removed), suggesting that schizophrenia patients did move more on average. Because of this difference, we ensured that the proportion of the removed frames did not significantly affect any of the reported effects involving the schizophrenia sample. We specifically used the proportion of scrubbed frames as a covariate across reported analyses. Even when proportion of flagged frames was used as a covariate variable, main effects remained unaltered.
We also removed additional spurious signal in restingstate data, as is standard practice. 31 Briefly, all images underwent high-pass (0.009 Hz) and low-pass (0.08 Hz) temporal filtering and subsequent removal of nuisance signal from ventricles, deep white matter, and global mean signal, 6 rigid body motion correction parameters, and their first derivatives using in-house Matlab tools. 32 Critically, all nuisance regressors underwent identical filtering prior to their removal.
Seed-Based Functional Connectivity Analysis
It is important to consider the heterogeneity of the vACC region and its selection, given possible large differences in final effects reflecting subtle variability in seed placement. The vACC resting-state functional connectivity MRI (rsfcMRI) analyses replicated our prior approaches. 19 The vACC seed was guided by prior studies in the following way: as noted, previously studies found 2 proximal vACC clusters showing reduced connectivity with the PFC (x = 3, y = 32, z = 1) but amygdala overconnectivity in bipolar illness (x = 1; y = 41; z = −3). 19 To remain sensitive to this general locus of dysconnectivity, we selected the Euclidian midpoint across the 2 clusters and placed a 9 mm-radius sphere in this location (x = 2, y = 37, z = −1; figure 1, left panel) . To obtain further specificity and avoid partial volume effects, for each subject, we defined a subset of vACC voxels via FreeSurfer segmentation 33 that explicitly overlapped with the a priori defined seed.
Before any rs-fcMRI calculations, we spatially smoothed the BOLD signal with a 6 mm full-width-athalf-maximum Gaussian kernel. Subject-specific whole brain vACC maps were computed by extracting the average time series across all vACC voxels and computing a correlation with all other voxels. We computed a Fisher r-to-Z transform, yielding a Fisher-Z connectivity map for each participant where each voxel's value represents its connectivity with the vACC. To test hypothesized
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between-group differences, maps were entered into a second-level 1-way ANOVA with 3 between-group levels (HCS, BPP, BPW), which was computed within FSL's Randomise tool with 10 000 permutations. 34 Whole brain type I error correction was accomplished via thresholdfree-cluster-enhancement implemented in Randomise. 35 Schizophrenia analyses were then computed explicitly within the regions that showed between-group F-test differences for the bipolar sample. The key rationale for this analysis was to examine whether the primary alterations found between BPP and BPW patients resembled those in schizophrenia (as opposed to a whole brain search). We took this stepwise approach (1) to remain powered within a defined search space showing maximal effects for the bipolar sample and (2) to explicitly inform our understanding of whether the BPP effects (vs BPW) are more in line with schizophrenia observations. All formal effect size calculations were computed using standard approaches across subjects via Cohen's d 36 by extracting the Fisher-Z value for all subjects across all voxels showing the main effect in figure 1 . This was done to characterize the magnitude of between-group effects across voxels surviving the whole brain correction, as done previously. 37 Findings were visualized using Caret 5.5 (http://brainvis.wustl.edu/wiki/index.php/ Caret:Download) and NeuroLens (http://www.neurolens.org) software. All connectivity distribution plots and effect sizes were computed within the R statistical computing environment (http://www.r-project.org).
Results
vACC Connectivity in Bipolar Illness
We first tested for whole brain group differences using an a priori defined vACC seed ( figure 1, left) , between BPW, BPP, and HCS groups. The 1-way ANOVA analysis showed a significant effect in a large cluster along the medial PFC surface, extending superiorly ( figure 1a and b) . The result was driven by a difference between BPP and BPW groups, whereby the BPP group showed reduced connectivity to the vACC seed relative to HCS (Cohen's d = −0.69, P < .0027, 2-tailed, see table 2 for all pair-wise comparisons). In contrast, the BPW group showed increased connectivity between the identified cluster and the vACC seed relative to the HCS (Cohen's d = 0.8, P < .0002, 2-tailed) and also relative to the BPP group (Cohen's d = 1.37, P < 4.9 × 10 −7 , 2-tailed). This finding suggests that areas along the medial PFC surface show dissociations in connectivity with vACC in bipolar illness with and without psychosis history. To further characterize the patterns of betweengroup differences, we computed follow-up pair-wise t-tests without a threshold applied. This analysis highlights the qualitative pattern of functional alteration in vACC connectivity between the bipolar groups (figure 2a-c, borders . 1 . Alterations in vACC connectivity in bipolar illness with and without psychosis history. Red foci mark regions that showed a significant 1-way between-group ANOVA displayed on the surface (a) and in a volume view (b) to allow complete visualization of the cluster extent. As evident from the map, a large portion of superior medial cortex showed a significant between-group effect in vACC functional connectivity. The small panel on the left illustrates the vACC seed location (x = 2, y = 37, z = −1), which was selected based on our prior data-driven findings 19 (see Materials and Methods). (c) The distributions of average connection strengths for each voxel showing a significant between-group effect are plotted for each individual group. The X-axis refers to the strength of connectivity effect in the identified region (using Fisher's Fz values). The Y-axis quantifies the voxel count at a given strength of connectivity across groups (as opposed to individual subjects). Effect sizes (Cohen's d) were calculated across subjects using the average signal across the entire cluster in panel (a), verifying marked alterations in vACC seed connectivity across groups (for complete pair-wise P and t values see table 2). The effect was largely driven by a reduction in vACC connectivity for bipolar patients with psychosis history (BPP) group (red distribution), whereas the bipolar patients without psychosis history (BPW) group showed increased vACC connectivity (green distribution) relative to healthy control subjects (HCS; blue distribution). Note: The frequency histograms are shown to illustrate the underlying nature (ie, directionality) of the group effects, not to quantify the difference (which is obligated by the voxel selection). mark the significant between-group effect for ease of inspection).
Differences Between Bipolar and Schizophrenia Patients
We examined a large and demographically matched schizophrenia sample (table 1) to determine if either of the bipolar groups resembled effects in schizophrenia. We found that the BPW group showed marked increases in vACC-medial PFC coupling relative to the schizophrenia group (figure 3a; Cohen's d = 1.03, P < 3.5 × 10 −7 , 2-tailed). This was evident from the direct pair-wise contrast maps of the schizophrenia vs BPW group, where the schizophrenia sample showed notable reductions relative to the BPW group along the identified medial PFC cluster (blue foci in figure3a). Conversely, the BPP group showed similar, albeit mildly reduced, effects relative to the schizophrenia sample (Cohen's d = −0.29, P = .18, not significant; figure 3b ). This was evident from the rather mixed pattern of signal along the identified medial PFC cluster (see figure 3b maps for qualitative inspection). These findings support the hypothesis that psychotic BD is associated with vACC dysconnectivity similar to schizophrenia. In contrast, the BPW group showed clear differences from both BPP and schizophrenia samples. When contrasting the schizophrenia and HCS groups, we found only modest alterations in vACC connectivity (Cohen's d = .33, P = .07, 2-tailed), highlighting the utility of the schizophrenia sample as a control clinical group in the present analysis.
Discussion
We examined whole brain connectivity vACC alterations in BD with and without psychosis history. To provide cross-diagnostic relevance of identified vACC Yellow-orange foci mark areas where BPP showed increased vACC coupling relative to HCS, whereas blue foci mark areas where BPP showed decreased coupling relative to HCS. The border on the medial surface highlights regions that survived the 1-way ANOVA (as shown in figure 1) . Consistent with the effect size calculations, there was generally decreased medial prefrontal cortex (PFC) connectivity with the vACC seed for the BPP group (dashed box). (b) In contrast, BPW group was associated with increased medial PFC connectivity with the vACC seed relative to HCS, as evident from the effect size estimates (table 2) . (c) Direct comparison of BPP vs BPW groups revealed reductions for the vACC seed along the medial PFC surface for the BPP group relative to the BPW group. Collectively, these results support the hypothesis that vACC connectivity differs between bipolar groups with and without psychosis history. Note: BPP, Bipolar patients with psychosis history; BPW, Bipolar patients without psychosis history; SCZ, schizophrenia patients; HCS, healthy control subjects. All statistics were calculated across all voxels for the identified cluster that survived the 1-way ANOVA F-test presented in figure 1 . All Cohen's d effect sizes were calculated across subjects, using standard procedures. 36 Cohen's d was obtained by extracting the average Fisher's r-to-Z connectivity value for each subject across the entire identified cluster as in figure 1 . This was done to characterize the magnitude of between-group effects across voxels surviving the whole brain correction and to provide a guide regarding sample sizes needed for future replications. Significant between-group effect at P < .05*, P < .01**, P < .001***.
connectivity alterations in bipolar illness, we compared bipolar findings with a large sample of patients with chronic schizophrenia. Our results highlight 2 observations: (1) the vACC whole brain connectivity pattern differed between BPP and BPW groups and (2) unlike the BPW group, the BPP group displayed vACC dysconnectivity similar to schizophrenia. To our knowledge, these are the first findings showing distinct patterns of whole brain vACC disturbances in bipolar illness with and without co-occurring psychosis. Our results underscore that neural circuit dysfunction may map onto similarities in lifetime symptoms rather than predefined diagnostic categories. These cross-diagnostic analyses provide a step toward understanding possible overlapping disturbances in neural circuits that may be shared between psychiatric categories with similar symptom presentation (in this case psychosis). 38 
Ventral Anterior Cingulate in BD
We found evidence for vACC dysconnectivity in remitted bipolar patients. Most prior work examining vACC metabolism 4 or connectivity 15, 39 in BD examined symptomatic individuals. Indeed, attenuation of imaging signal in this region has been associated with improvement of depressive symptoms. 40 Our observation of altered connectivity in clinically stable remitted patients suggest that, while vACC connectivity may be influenced by clinical state, at least some aspects of vACC dysconnectivity could be a BD endophenotype. Findings of reduced glia among individuals with BD in the vACC suggest that bipolar illness may be associated with neurophysiological changes in this region that are not entirely driven by clinical presentation.
14 If so, it is possible that connectivity measures may be sensitive to this neurophysiological signal. This assertion is speculative; therefore, longitudinal studies across illness phases are required to address the hypothesis that clinical state or current symptom presentation is independent of vACC dysconnectivity in BD.
The vACC is thought to regulate emotional behavior through afferent and efferent connections to orbitofrontal cortex, insula, amygdala, and hypothalamus, among other regions. 41 This region is thought to integrate between limbic and cortical aspects of a distributed brain networks, which are disrupted in depression 11 and in nondepressed individuals experiencing sadness. 7 Our data suggest that connectivity of this region to other areas of medial PFC is disrupted in BD. Consistent with this possibility, Etkin and colleagues 42 articulated a key role of the entire medial PFC surface in emotional behavior. Research in basic cognitive neuroscience points to a dichotomy along ventral/dorsal medial prefrontal areas for distinct emotional computations. 42 Phillips and colleagues hypothesized a dysregulation in bipolar illness across the dorsal medial PFC system for voluntary emotional regulation and the ventral system for automatic emotional regulation. 43 Here we observed a vACC connectivity alteration extending across ventral and dorsal medial PFC. This cortical territory has been implicated in emotional behavior such as arousal monitoring, top-down emotional regulation, A. Anticevic et al emotional conflict monitoring, or representational value of emotional stimuli, to name a few. 42 The elevated pattern of connectivity between these cortical regions and vACC found in BPW may reflect increased synaptic plasticity, caused by an ongoing demand to engage in affective regulation. It is interesting, however, that connectivity along this area also dissociates between BD with and without psychosis history. One possibility is that the pathophysiology of BD with co-occurring psychosis follows a more severe course and is, perhaps, more qualitatively similar to the clinical trajectory observed in schizophrenia. Identified patterns of dysconnectivity are also proximal to areas reported in relation to individual differences in anxiety in healthy adults. 44 Although we did not observe a significant effect in relation to presence or absence of anxiety, this may possibly reflect differences in the specific circuits studied here, the fact that we measured presence of clinical anxiety rather than individual variation present in the normal population, as well as the baseline anxiety status of the present clinical sample.
The vACC dysconnectivity observed here was restricted to medial PFC regions and did not include other distributed neocortical or subcortical regions possibly implicated in BD. Interestingly, we also failed to observe significant connectivity alterations between the selected vACC region and the amygdala. This could reflect 2 alternative possibilities: (1) There really are no meaningful alterations elsewhere, not even weak ones; (2) there are distributed effects, but they are more modest and therefore not detected with present sample sizes and the level of voxel-wise protection. Thus, the principal reason for such null effects may reflect that certain functional alterations are occurring just below the statistical significance threshold (as can be seen on the unthresholded maps in figure 2 ). In that sense, the absence of significant amygdala effects (or effects elsewhere) does not rule out the possibility that other relevant circuitry may in fact be perturbed in BD. Indeed, at lower thresholds (figure 2), effects extended to other nodes that have been associated with internal thought processes and "rumination," suggesting that the disturbances in vACC connectivity may not be exclusively localized to PFC circuits. Future studies with even larger samples will be needed to explore such effects that may be more subtle but nevertheless functionally important.
Related to this point, by seeding a similar region, Chai and colleagues 15 found evidence for aberrant connectivity with the dorsolateral and ventrolateral PFC. Their study, however, computed a direct comparison between BD and schizophrenia patients at the whole brain level, requiring a stringent type I error correction. The observed discrepancies may reflect differences in size, composition, and clinical presentation of the samples beings studied and some differences in neuroimaging methods. Specifically, our bipolar sample included individuals who were euthymic; our measure of psychosis related to prior history (as opposed to current symptoms). Therefore, symptomatic individuals could exhibit connectivity disruptions of the vACC with other areas, as reported by Chai and colleagues. 15 Also, it is worth noting that the seed location used in this study was based on prior data-driven effects, and it deviates somewhat from the seed location reported by Chai and colleagues. For this reason, we also verified that presently reported results were highly similar when using either seed (see supplementary figure 1 ). This suggests that the present result is robust across a larger portion of the ventral anterior cingulate cortical territory and may not necessarily be sensitive to the particular seed selection. Importantly, as done by Chai and colleagues, we restricted our study to the vACC (as opposed to other circuits that may be implicated in BD). This focused search was primarily motivated by prior work implicating this area in mood regulation. 3 That said, future studies will need to systematically examine network-level questions involving broader circuits involved in emotion processing, 45 as well as lateral PFC circuits that may be involved in emotional regulatory processes disrupted in mood disorders. 46 Collectively, these findings extend earlier observations by suggesting that vACC connectivity is different in bipolar patients that have experienced cooccurring psychotic symptoms, which may reflect neural alterations that also co-occur in schizophrenia.
Bipolar Illness With Psychosis History Resembles Schizophrenia
Our study revealed that BPP individuals exhibit vACC connectivity alterations more similar to the alterations exhibited by the chronic schizophrenia group than to those exhibited by the BPW group. This supports the emerging motivation to study neural circuit alterations across neuropsychiatric diagnoses, rather than studying narrowly predefined diagnostic categories. The medial PFC and nearby nodes of the default mode network (DMN) are known to exhibit alterations in BD. 47 Schizophrenia is also associated with alterations of the DMN 47 but is thought to, perhaps, involve a more disturbed alteration of the DMN, 48 rather than the anterior PFC circuits specifically, 3 which have been implicated in emotional processing (see above). Another resting-state study using independent-component analysis compared BD patients with psychosis to patients with schizophrenia and found that psychotic BD was also associated with abnormalities in the posterior DMN and precuneus, 49 though the same study did not observe shared disturbances in the anterior medial PFC reported here, possibly due to differences in connectivity approaches.
It is important to consider that we did not directly compare schizophrenia and bipolar illness at the whole brain level, as done previously. 15, 37 Instead, the key objective was to characterize alterations in BD as a function of psychosis history at the whole brain level. In turn, we show that the effects found for psychotic BD patients resemble connectivity alterations identified in chronic schizophrenia in this same medial PFC area. Therefore, the schizophrenia sample served as a well-powered clinical control group, highlighting that bipolar individuals indeed show a unique pattern of vACC dysconnectivity as a function of psychosis. These effects indicate that there may exist at least some shared circuit alterations that jointly contribute to symptoms across psychiatric diagnoses. Further delineation of such system-level similarities and differences across psychiatric diagnoses will be vital to inform the Research Domain Criteria initiative (RDoC) to develop better biomarkers for complex psychiatric symptoms. 50 Relatedly, although beyond the scope of the present focused investigation, additional insights will be derived from direct follow-up whole brain comparison between BD and schizophrenia groups that are adequately powered to detect subtle system-level alterations. That is, while psychotic BD patients resemble schizophrenia patients in their vACC connectivity pattern to this particular cluster, it is likely that there are dissociations elsewhere.
Limitations
At the time of the scan, bipolar patients were remitted, whereas schizophrenia patients were symptomatic and in their chronic illness phase. Consequently, it could be argued that, unlike the schizophrenia sample, we were not capturing a "neural signature" of current psychotic symptoms in bipolar patients but a more general endophenotype of the illness itself. However, the observation that the BPP group closely resembled schizophrenia patients suggests this finding may be relevant for understanding psychosis broadly. Carefully matched future studies will need to confirm the presence of the same connectivity patterns in currently symptomatic psychotic bipolar patients. This will help discern whether observed effects remain stable within a diagnostic (sub)group or scale as a function of specific symptom severity and/or illness phase. Similarly, it will be important to establish whether the chronicity/ progression of either BD or schizophrenia alter reported effects. Given the importance of mood disturbances in bipolar illness, the influence of mood on the observed effects will need to be addressed with a more careful characterization of mania/depression symptoms in schizophrenia. Also, while we made best efforts to control for head motion, using the state-of-the-art methods, 51 movement issues warrant ongoing careful consideration in the clinical connectivity literature. Specifically, studies finding disruptions in local vs long-distance connections (as seen here) will require prospective replication, given the possible differential impact of motion depending on distance. 51 All patients were medicated at the time of their participation. Although medications did not change the observed effects when we covaried for medication class, it is still important to consider the possible effect of medications, especially given the difference in treatment practice for bipolar illness and schizophrenia. Because patients across both bipolar groups were carefully matched on medication classes, this argues against medications confounds. However, it will be important to replicate present findings in an unmedicated sample or to establish if any medications reverse the observed effect. Another limitation relates to prior history of substance use, which is a major concern for severe mental illness. While none of the participants met current substance abuse/dependence criteria at the time of the scan, prior substance/alcohol history was difficult to fully control for and should be considered in future studies. Also, given the correlational nature of the measures and possible dynamical circuit alterations over time, we cannot make any conclusions about causal relationship between observed effects and the illness phases.
Conclusions
This study provides two novel insights into our understanding of bipolar illness: (1) vACC, a node implicated in emotional regulation and pathophysiology of bipolar illness, shows differential connectivity as a function of psychosis history in bipolar illness and (2) schizophrenia findings qualitatively resembled observations in bipolar patients with psychosis but not those without psychosis history. Such differences in vACC network function indicate that distinct mechanisms may be at play in psychotic BD, possibly consistent with pathophysiology observed in schizophrenia. Present findings represent a building block toward the RDoC initiative to develop biomarker-driven diagnostic systems that can map onto specific behavioral symptoms.
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